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ABSTRACT 
Pipelines were first built in the late 1800s to transport low-Btu coal gas through cast iron 
and lead pipes for street lighting. Long-distance, high-pressure pipelines began operating in the 
United States in 1891. Pipelines are the most common, and usually the most economic, delivery 
system tu transport gas from the field tu the consumer. Pipelines are a fixed, long-term 
investment that can be uneconomic for smaller and more remote gas fields. The volume of gas 
that can be transported in a pipeline depends on two main factors, which are the pipeline 
operating pressure and pipe diameter. The maximum diameter of pipelines continues to increase 
every few years. As diameters of 48 inch become common, the industry may be approaching the 
practical limit to onshore pipelines. In order to handle the increasing demand, it is likely that 
operating pressures will increase rather than the size of the pipe. Most transmission pipelines 
operate at pressures of more than 60 bar, and some operate as high as 125 bar. In order to 
maintain a high operating pressure, compressors maintain the pressure of gas, and depending on 
the length of the pipeline and the topography, may be installed at intervals of 150 km to 200 km. 
Increasing pressure requires larger and thicker pipes, larger compressors, and higher safety 
standards, all of which substantially increase the capital and operating expenses of a system. The 
gas industry uses an interesting unit to measure pipeline costs, dollars per inch per kilometer 
($/in.-km), measuring the cost of l-in. diameter per kilometer length. This cost has come down, 
more substantially in offshore pipes where larger diameter and longer distance pipelines are 
proposed. By some estimates, the cost of offshore lines has reduced from more than 
$100,000/in.-km to around $25,000 to $40,000/in.-km. Thus, a 400-km, 48-in. line would cost 
around $480 million to $770 million today, versus double that amount 20 years ago. The rising 
cost of steel, accounting for 45% of the cost of a typical pjpeline, has offset some of the gains in 
pipe construction and fabrication costs. 
iii 
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CHAPTER I 
INTRODUCTION 
1.1 PROJECT BACKGROUND 
Design of offshore pipelines is usually carried out in three stages; conceptual 
I 
engineering, preliminary engineering, and detail engineering. During the conceptual engineering 
stage, issues of technical feasibility and corlstraints on the system design and construction are 
addressed. Potential difficulties are revealef and non-viable options are eliminated. Required 
information for the forthcoming design and construction are identified. The outcome of the 
conceptual engineering allows for schedulidg of development and a rough estimate of associate 
I 
cost. The preliminary engineering defines system concept (pipeline size and grade), prepares 
authority application, and provides design details sufficient detail to defme the technical input for 




A complete pipeline design includ9s pipeline sizing (diameter and wall thickness) and 
material grade selection based on analys~s of stress, hydrodynamic stability, span, thermal 
insulation, corrosion and stability coating,~ and riser spe~ification. Smaller diameter pipes are 
often flowline with high design pressure le~ding to ratio of diameter to thickness (D/t) between 
15 to 20. Depending upon types, some pij:lelines are bundled and others are thermal-coated or 
concrete-coated steel pipes to reduce heat 11ss and increase stability. 
This paper is an approach to the de~ign sensitivity analysis of diameter and thickness, as 
well as the differential pressure in the coinpressor to meet the requirements of the customer's 
need, such as the arrival pressure and temperature at the putlet end. Two different case studies 
were chosen; condensate pipeline and looped network gathfring system. 
1 
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1.2 PROBLEM STATEMENT 
In gas pipeline transmission, there are several problems encountered when transport the 
gas from one place to another place. Mostly the problems of gas treatment are prior to long-
distance transportation and hydrate control measurement in the operation of the liner part of gas 
pipelines. 
Besides that, the process of designing the gas supply systems itself encounters several 
problems involved in the development in creating the field facilities of gas. They are the process 
of gathering, treatment, transportation and utilization of gas by various consumers and also 
taking care of fluctuations in gas consumption. More specific problems encountered in the 
processes mentioned before; rational distribution of field gas-gathering centers, and head trunk 
line installations, the choice of the configuration and characteristics of the gas-gathering net. 
On the other hand, in spite of all the problems mentioned above, pipeline gas 
transmission is all about business. Therefore, in terms of business perspective, optimization of 
the cost is everything. When it comes to cost optimization, important parameters such as 
diameter, thickness and the grade of the pipe material must be taken into account, since they 
influence the cost directly. Problems encountered when it comes to optimization of the 
parameters itself, since it is involving specific details of some engineering analysis. 
2 
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1.3 SIGNIFICANT OF PROJECT 
Through the one-and-a-half century of pipeline operating practice, the petroleum industry 
has proven that pipelines are by far the most economical means of large scale overland 
transportation. Transporting petroleum fluids with pipelines is a continuous and reliable 
operation. Pipelines have demonstrated an ability to adapt to a wide variety of environments 
including remote areas and hostile environments. 
On the basis of simple pipeline, internal diameter (ID) of the pipeline has significant 
effect on the arrival pressure at the outlet end. While on the other hand, the thickness of thermal 
insulation has a significant effect on the arrival tempc;rature at the outlet end. These two 
parameters are crucial in order to meet the requirements of customer's need. Other parameter is 
the pressure differential that a compressor can maintain to increase the declining pressure 
towards the outlet end of a pipeline. 
1.4 OBJECTIVES 
The objective of this project is to optimize the design of constructing gas pipeline 
transmission, or to be more specific, to determine how the selected parameters vary in order to 
meet the requirements of customer's need, namely the arrival pressure and temperature. There 
are a lot of parameters that involved in the gas pipeline transmission, but this paper only 
emphasizes the sensitivity of three important parameters which are chosen to see how they vary 
along the selected case studies of gas pipeline transmission. Namely they are: 
,-. Diameter 
,._ Thickness of insulation material 
..L Pressure differential in the compressor 
These are the most important parameters that will be varied to meet the requirements of 
customer's need. On the other hand, the selected case studies are the condensate pipeline and the 
looped gas gathering network. 
3 
FYP II: Optimization of Gas Transmission Design Dissertation Report 
1.5 SCOPE OF STUDY 
The scope of study will evolved aroWld the PIPES 1M software for the design of the gas 
pipeline transmission based on the three selected parameters. Learning on the theories of gas 
pipeline transmission is also needed as the knowledge from the theories will be implemented in 
the PIPESIM software. Besides that, learning on the method and procedure of conducting the 
PIPESIM software is crucial, in order to get familiar with new software. At the same time, all the 
parameters involve in gas pipeline transmission must be studied, instead of the three selected 
parameters. This is because every parameter is crucial, and must be considered as a whole, which 
at the same time will help during the handling of the PIPESIM software later. Overall the project 
study can be divided into two stages, whereby the first stage is the studies of gas pipeline 
transmission theories, as well as the learning on the method and procedure in handling the 
PIPESIM software. The second stage is the operating and handling the PIPESIM software to 
design the gas pipeline transmission using all the parameters needed, but only three parameters 
are selected and to be manipulated, while the rest remain constant. 
1.6 THE RELEVANCY OF THE PROJECT 
Nowadays, manufacturers have come up with cost effective varieties as per the demands 
of the present market. The pipe variety can be customized as per its size, length, and thickness. 
As known, the larger the diameter, the larger the cost is. But on the other hand, the larger the 
diameter, the larger the material's high strength, rigidity and pressure tolerance. The same 
concept applies to the thickness. Therefore, optimum diameter and thickness must be determined 
in order to minimize the cost, but at the same time to optimize the performance of the pipeline. 
This paper is aiming to optimize the pipe diameter, thickness of thermal insulation and 
the pressure diffelj!ntial in compressors to meet the requirements of customer's need, which is 
the arrival pres~ and temperature at the outlet end of tht; pipeline. 
4 
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1. 7 FEASIB1LITY STUDY 
The Gantt chart prepared serves of how this study evolves and move through the end of 
project. Simulation of the condensate pipeline case study started from end of January, while the 
looped gas gatherifrg network case study started from middle of February, and both simulations 
' 
are completed in t!Je middle of March. DoCIIlijentation of Fesults finished in March 2011. 
I 
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CHAPTER2 
LITERATURE REVIEW I THEORY 
2.1 NATURAL GAS 
Natural gas is a gaseous fossil fuel consisting primarily of methane (CH4) but including 
significant quantities of ethane, propane, butane, and pentane. Heavier hydrocarbons removed 
prior to nse as a consumer fuel as well as carbon dioxide, nitrogen, helium and hydrogen sulfide. 
Before natural gas can be used as a fuel, it mnst undergo extensive processing to remove almost 
all materials other than methane. The by-products of that processing include ethane, propane, 
butanes, pentanes and higher molecular weight hydrocarbons, elemental sulfur, and sometimes 
helium and nitrogen. [ 1] 
Natural gas is not only cheaper, but burns cleaner than other fossil fuels, such as oil and 
coal, and produces less carbon dioxide per unit energy released. For an equivalent amount of 
heat, burning natural gas produces about 30% Jess carbon dioxide than burning petroleum and 
about 45% less than burning coal. 
The major difficulty in the use of natural gas is transportation and storage because of its 
low density. Natural gas conventional pipelines are econqmical, but they are impractical across 
oceans. For example, many existing pipelines in North America are close to reaching their 
capacity, prompting some politicians representing colder areas to speak publicly of potential 
shortages. 
It is difficult to evaluate the cost of heating a ho~e with natural gas compared to that of 
heating oil, because of differences of energy conversion jlfficiency, and the widely fluctuating 
price of crude oil. However, for illustration, one can cal((ulate a representative cost per BTU. 
Assuming the following current values (2008): 
6 
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1. Natural gas. 
'* One cubic foot of natural gas produces about 1,030 BTU (38.4 MJ/m'). 
* The price of natural gas is $9.00 per thousand cubic feet ($0.32/m'). 
n. Heating oil. 
'* One US gallon of heating oil produces about 138,500 BTU (38.6 MJ/1). 
* The price of heating oil is $2.50 per US gallon ($0.66/1) . 
This gives a cost of $8.70 per million BTU ($8.30/GJ) for natural gas, as compared to 
$18 per million BTU ($17/GJ) for fuel oil. Such comparisons fluctuate with time and vary from 
place to place dependent on the cost of the raw materials and local taxation. [2] 
2.2 DIAMETER, WALL TffiCKNESS AND GRADE OF PIPE 
With total pressure required in order to move various amounts of oil or natural gas in 
hand, pipeline designers have to determine the optimum pipe size and grade. They calculate the 
hoop stress, the force produced in the pipe wall by the fluid pressure inside the pipe pushing 
against the pipe wall. To do so, Barlow 's Formula is used: 
Where: 
S =Hoop stress 
t = Wall thickness 
D =Pipe outside diameter 
P = Internal Pressure 
Barlow's frrmnla figures in an intportant computational, albeit convoluted, procedure. 
Pressure inside thy pipe pushes perpendicularly against the wall all around its circumference, 
7 
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trying to push it apart. Steel molecules makiug up the pipe desperately cling to each other 
circumferentially, trying to hold it together. Figure below shows on slice of that pipe. [3] 
Internal Stress th ~t-Hoops ~ ... .:::..---. ~ 
Pipeline Diameter 
Figure 1: Free-body diagram of pipe under pressure. 
The arrows of internal pressure represent the forces pushing out uniformly on the pipe. At 
a given pressure inside the pipe, each molecule of oil or natural gas pushes against the every 
other molecule and against the pipe wall, all around the pipe. The bigger the diameter of the pipe, 
the more area over which the pressure is applied, and the bigger the force on the pipe. The 
offsetting force holding the pipe together is a function of the strength of the steel and the 
thickness of the pipe. 
Pipeline designer choose pipe diameter, wall thickness, and steel to safely contain the expected 
pressures on the line. The Maximum Allowable Operating Pressure (MAOP) of the pipe is 
calculated with a rearrangement of Barlow's formula: [1] 
IMAOP=%xSMYSxSFI 
Where: 
MAOP = Maximum allowable operating pressure 
t = wall thickness 
D = Pipe outside diameter 
SMYS = Specified minimum yield of the steel 
SF = Safety factor as established by standards or regulations 
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As an example, the MAOP of a 30 inch piece of X-52 pipe, 0.25 inch thickness, 
assuming a safety factor of 0. 72 is: 
1(2 x 0.25in I 30in) x 52000psi x 0.72 =624psij 
If the wall thickness is increased to 0.375 inch, the MAOP goes np to 936 psi. If the 
diameter is decreased to 28 inch, the MAOP increases further to 1002 psi. Of course, the 
maximum amount flowing through the 28 inch line at its MAOP is less than the amount flowing 
through a 30 inch line at its MAOP. Engineers work iteratively to get the wall thickness, 
diameter, and grade of steel that gives the best (least costly) combination to handle the planned 
volumes. 
2.3 GAS PRODUCTION FACILITY (COMPRESSOR) 
Compressors are used whenever it is necessary to flow gas from a lower pressure to a 
higher pressure system. Flash gas from low-pressure vessels used for multistage stabilization of 
liquids, often exists at too low a pressure to flow into the gas sales pipeline. Sometimes this gas 
is used as fuel and the remainder flared or vented. Often it is more economical or it is necessary 
for environmental reasons to compress the gas for sales. 1n a gas field, a compressor used in this 
service is normally called a "flash gas compressor." Flash gas compressors are normally 
characterized by low throughput rate and high differential pressure. [3] 
The differential pressure is expressed in terms of overall compressor ratio, RT, which is 
defined as: 
Where: 
RT = Overall compressor ratio 
P d = Discharge pressure, psia 
P, = Suction pressure, psia 
Flash gas compressors typically have an overall compressor ratio in the range of 5 to 20. 
9 
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In some marginal gas fields, and in many larger gas fields that experience a decline in 
flowing pressure with time, it may be economical to allow the wells to flow at surface pressures 
below that required for gas sales. In such cases a "booster compressor" may be installed. Booster 
compressors are typically characterized by low overall compressor ratio (on the order of 2 to 5} 
and relatively high throughput Booster compressors are also used on long pipelines to restore 
pressure drop lost ~o friction. The design of a long pipeline requires trade-off studies between the 
size and distance between booster compressqr stations anp the diameter and operating pressure 
of the line. 
10 
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CHAPTER3 
PROPOSED PROJECT METHODOLOGY 
3.1 RESEARCH METHODOLOGY 
A number of exercises and case studies have been run by using the Pipesim simulator. 
The research methodology is as follows: 
Figure 2: Schlumberger Pipesim Software 
RESEARCH METHODOLOGY 
•!• Single Phase Pipeline 
• Build the Physical Model 
.. Gas Pipeline Sensitivity Study 
• Calculate the gas flow rate for a given pressure drop 
Exercise •!• Multiphase Pipeline 
• Build a Multiphase pipeline model 
•!• Network Modeling 
• Looped Gathering Network 
• Gas Transmission Network 
•!• Condensate Pipeline 
• Sensitivity Analysis for Pipe Diameter Case Study ,.. Sensitivity Analysis for Insulation Thickness 
•!• Gas Looped Gathering Network 
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3.2 PROJECT ACTIVITIES FLOW 
The following table represents the activities, start date and end date. 
ACTIVITIES FROM 
Single Phase Introductory Exercise 24th Jan 20 11 
Multipbase Pipeline Exercise 3l5•Jan2011 
Network Modeling Exercise 7th Feb 20 11 
Condensate Pipeline Case Study 14m Feb 2011 
Gas Looped Gathering Network Case study 28m Feb 2011 
Documentation of Result 12th March 2011 
Table 2: Project activities flow. 
3.3 KEY MILESTONE (GANTT CHART) 
Activities IW eek 
Delivery of Final 
















28ln Jan 2011 
4th Feb 2011 
11th Feb 2011 
25m Feb 2011 
lim March 2011 


























Activities done D Incoming Activities 
Table 3: Project Gantt chart. 
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3.4PIPESIM 
PIPESIM provides both, professors and students, a tool that is useful for studying, 
teaching and learning how pipelines work and how they can be scheduled in an easy and 
widespread way. PIPESIM features both static and dynamic pipelines. 
Besides that, PIPESIM is a full interactive application that helps the user to master the 
knowledge about pipeline scheduling by means of a very simple interface and a very descriptive 
and didactic way. The simulator has a very comprehensive help system. Using this, users can 
even study the theoretical concepts of pipelining and pipeline scheduling. Besides, the 
application is completely flexible in the way of presenting the results. It is possible, for example, 
to see any of the stages of scheduling, whichever it is. Users can either walk through the 
complete simulation step by step, have a look at all the details and watch concrete steps of the 
scheduling or just study the final results of the simulation without presenting intermediate 
results. Besides that, users can check hand-solved problems after each completed step to obtain 
the final result. The ability of comparing the final scheduling results underlines the importance of 
simulator-supported learning in modern teaching techniques. 
PIPESIM consists of the following modules: 
* Pipeline & Facilities 
,.,. Well Performance Analysis 
"- Network Analysis 
* Production Optimization (GOAL) 
* Field Planning (FPT) 
._. Multi-lateral (HoSim) 
13 
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i. Pipeline & Facilities 
A comprehensive multiphase flow model with "System Analysis" capabilities. Typical 
applications of the module include: 
~ multiphase flow in flowlines and pipelines 
) point by point generation of pressure and temperature profiles 
) calculation of heat transfer coefficients 
) flowline & equipment performance modeling (system analysis) 
ii. Well Performance analysis 
A comprehensive multiphase flow model with "Nodal & System Analysis" capabilities. Typical 
applications of the module includes: 
) Well design 
) Well optimization 
~ Well inflow performance modeling 
~ Gas Lift Design 
~ ESPDesign 
) Gas lift performance modeling 
) ESP performance modeling 
) Horizontal well modeling (including o~timum horizontal completion length 
determination) 
) Injection well design 
» Annular and tnbing flow 
iii. Network analysis module 
Features of the network model include: 
» unique network solution algorithm to model wells in large networks 
) rigorous thermal modeling of all network components 
~ multiple looped pipeline/flowline capability 
) well inflow performance modeling capabilities 
I 
14 
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);- rigorous modeling of gas lifted wells in complex networks 
);- comprehensive pipeline equipment models 
);- gathering and distribution networks 
iv. Production Optimization (GOAL} 
Dissertation Report 
This module allows production optimization of an artificial lifted (gas lift or ESP) oil field to be 
performed given a number of practical constraints on t4e system. Full features of the model 
include: 
}> interfaces with the well Analysis module 
}> solves multi-well commingled scenarios 
);- allows well production performance modeling 
» offers operator decision support functions 
}> Black Oil only 
v. Field Planning (FPT) 
Allows the network module to be coupled to a "reservoir model" to model reservoir behavior 
over time. fu addition conditional logic decision can be taken into account. The reservoir may be 
described as either: 
}> Black oil tank model 
» Compositional tank model 
}> look-up tables 
}> Commercial reservoir simulator 
}> Cmpmercial material balance program 
15 
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CHAPTER4 
RESULTS AND DISCUSSION 
4.1. CASE STUDY 1: Condensate Pipeline 
·DATA 
Condensate flows down a 400 ft x 10" ID riser from the satellite 
Layout platform to the seabed, along a 5 mile pipeline, and up a 400 ft x 1 0" ID 
riser to the processing platform. 
Fluid inlet pressure at satellite platform 1,500 psia 
Fluid inlet temperature at satellite platform 176 °F 
Boundary Condition Design liquid flowrate 10,000 STB/d Maximum turndown 5,000 STB/d 
Minimum arrival pressure at processing platform 1,000 psia 








Name Boiting Molecular Specific Moles 
Petroleum Fraction Point (OF} Weight Gravity 
C7+ 214 115 0.683 12 
Aqueous Component Volume ratio (%bbllbbl) 
Component Water 10 
I.D.(") Wall thickness (") Rou2hness ('') 
6 0.5 0.001 
Pipeline Sizes 8 0.5 0.001 
Available 10 0.5 0.001 
12 0.5 0.001 
14 0.5 0.001 
Height of undulations 10/1000 
Horizontal distance 5 miles 
Elevation difference 0 
Pipeline Data Wall Thickness 0.5'' 
Rouglmess 0.001" 
Ambient Temperature 50°F 
Overall Heat Transfer Coefficient 0.2 Btulbr/ft2/°F 
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Pipe thermal conductivity 50 Btu!hr/ft/°F 
Insulation thermal conductivity 0.15 Btu!hr/ft/°F 
Pipeline Insulation Insulation thickness available 0.6", 0.7'', 0.8" or 0.9" Ambient fluid water Study Data Ambient fluid velocity 1.64 ft/sec 
Burial depth 0 (half buried) 
Ground conductivity 1.5 Btu!hr/ft/°F 
Horizontal distance 0 
Elevation difference (Riser _I) -400ft 
Elevation difference (Riser_ 2) +400ft 
Data or Risers 1 & 2 Inner diameter 10" ~all thickness 0.5'' 
Roughness 0.001" 
Ambient temperature 50 °f 
Overall heat transfer coefficient 0.2 Btu/hr/ft2fOF 
Table 4: Condensate pzpelzne data. 
4.1.1. Pipeline Diameter Sensitivity Analysis 
The smallest pipeline J.D. that will allow the design flowrate of 10,000 STB/d of 
condensate to be transported from the satellite platform whilst maintaining an arrival pressure of 
not lower than I ,000 psia at the processing platform is to be determined. 
By using the wizard feature in the Pipesim, this condensate pipeline model is constructed. 
Fie Edit Setup lfrew Tools Data Operations ArtifiCial Uft Reports Expert Window Help 
Dl .;..lra:lliilllllll~l Mtl I I ' I I •1»~1 liEJiiJIEJI!iMIIEII ~ ~I 'rl 




Figure 3: Constructed condensate pipeline model. 
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The pipeline sizes available are 6", 8", 10", 12" or 14" I.D. By using the pressure 
temperature profiles operation, the pipeline sizes are inserted and the pressure drop for each of 
the five pipeline size options is calculated. 
Pressurerfemperature Profiles l1Jcg] 
Calculated Variable , Default Profile Plot 
{~ Inlet Pressure J1500 Josia il r- Elevation vs Pressure 
r Elevation~ Temperature 
, r. Outlet Pressure 
r.' Pressure vs T ol:al Distance 
r I LiQuid Rate iJJl 0000 JsTB/d il~ r· T emperab.le vs Total Distance 
SenolM!y Data · 
Object r;J Flo-owi-=-ne-c_1;------iJ-,• Measured Dala... I Run Model I 
: V<liable JID iJ ProflePloL 
Values -~ 
Range ... f-
Summa!J'File ... 1 
incheo •. Output File ... I 
~ 6 ~ 8 ~ 10 ~ 12 ~ 14 f-4.--7 • 
Figure 4: Pressure I Temperature Profiles 
~ Calculated variable is outlet pressure. 
"- Inlet pressure I ,500 psia 
4 Liquid Rate is I 0,000 STB/d. 
,. Default Profile Plot is "Pressure vs Total Distance" 
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Figure 5: Diameter sensitivity analysis in Pressure vs Total Distance graph. 
Diameter 6" 8" 10" 12" 
Inlet Pressure 1500 1500 1500 1500 
Outlet Pressure 414.4 (below 1000) 995.1 (below 1000) 1352.0 1434.2 





._ Among the five pipeline sizes, obviously the 6" diameter pipeline is not suitable to be 
used in this case, since it experiences rapid pressure drop even before it reaches the outlet 
end of the pipeline, which is 5 miles (26400 ft.) from the inlet end. 
~ 8" diameter pipeline is not suitable too since the outlet pressure is below the minimum 
arrival pressure at processing platform, 1000 psia. 
4 Only the 10", 12" and 14" diameter pipeline is suitable in this case because they can 
achieve the outlet pressure above the minimum arrival pressure at processing platform . 
.._ By knowing that the larger diameter of a pipeline, the higher the cost is, therefore 10'' 
diameter pipeline is suitable enough to be used in this case. The outlet pressure is higher 
than the minimum arrival pressure at processing platform and the cost is the least among 
the three pipeline diameter. 
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4. 1.2. lnsalation Titiclaress Sensitivity Analysis 
The smallest thickness of thermal insulation that can be used to insulate the pipeline and 
maintain an arrival temperature of not less than 75 °F is to be determined. This minimum arrival 
temperature is required to prevent the formation of hydrates. The insulation has a thermal 
conductivity of0.15 Btulhr/ft/°F and a thickness of0.6", 0.7", 0.8" or 0.9". 
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Figure 6: Temperature vs total distance graph for 0.6"insulation thickness 
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Figure 7: Temperature vs total distance graph for 0. 7 "insulation thickness 
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Figure 8: Temperature vs total distance graph for 0.8 "insulation thickness 
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Figure 9: Temperature vs total distance graph for 0.9 "insulation thickness 
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Insulation Arrival (Outlet) Temperature 
Thickness Design liquid Oowrate (10 000 STB/d) Maximum turndowa (5 000 STB/d) 
0.6" 103.8 72.8 (below 80) 
O.T' 109.2 78.0 (below 80) 
0.8" 113.8 82.6 
0.9" 117.8 86.9 
Table 6: Arrival temperature for four different insulation thicknesses. 
4.1.2.1. Discussion 
4. Among the four pipeline insulation thicknesses, 0.6" and O.T' insulation thickness is not 
suitable to be used in this case, since the arrival temperature is below the minimum 
arrival temperature at processing platform, which is 800F. 
4. Only the 0 .8" and 0.9" insulation thickness is suitable to be used since the arrival 
temperature is above the minimum arrival temperature at processing platform. 
:6. By knowing that the thicker insulation of a pipeline, the higher the cost is, therefore 0.8" 
pipeline insulation thickness is suitable enough to be used in this case. The arrival 
temperature is higher than the minimum arrival temperature at processing platform and 
the cost is the least among the two pipeline insulation. 
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4.2. CASE STUDY 2: Looped Gu Gathering Network 
DATA 
Weill & 2 We113 
Gas PI 0.0004 0.0005 
mmscf/d/psi2 mmscf/d/psi2 
Wellhead TVD 0 0 
Mid Perforations TVD 4500 ft 4900 ft 
Completion and Mid Perforations MD 4500 ft 4900 ft 
Tubiwg Data Tubing J.D. 2.4" 2.4" 
Wellhead Ambient Temperature 60 °f 60°f 
Mid Perforations Ambient 130 Of 140 Of 
Temperature 
Heat Transfer coefficient 0.2 Btulhr/ft2/F 0.2 Btu/hr/ft2/F 
Component Moles 
Methane 75 
Pure Hydrocarbon Ethane 6 
Propane 3 
Components (Wells 1 lsobutane I 




Petroleum Fraction Name Boiling Molecular Specific Moles Point (OF) Weight Gravity (Wells 1 & 2) C7+ 214 115 0.683 12 
Aqueous Component Component Volume ratio 0/obbllbbl) 








Petroleum Fraction Name Boiling Molecular Specific Moles 
(Wells 3) Point (
0 F}_ Wei2ht Gravi_ty_ 
C7+ 214 115 0.683 10.5 
Aqueou Component Compoaeot Volume ratio 0/obbl/bbl) 
(WeU3) Water 5 
Data for Looped Rate of undulations 10/ 1000 
Gatherin2 Lines (Bl, Horizontal distance 30,000 ft 
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B2, B3, and B4) Elevation difference Oft 
Inner diameter 6" 
Wall thiclcness 0.5'' 
Roughness 0.001" 
Ambient temperature 60 °F 
Overall heat transfer coefficient 0.2 Btulhr/ft21°F 
Separator type Liquid 
Separator efficiency 100% 
Compressor differential pressure 300psi, 400 psi or 500 psi 
Compressor efficiency 70% 
Aftercooler outlet temperature 120 °F 
Aftercooler delta P 15 psi 
Data for Deliver Line Flowline Rate of undulations 10/1000 
(B5) Flowline Horizontal distance 10,000 ft 
Flowline Elevation difference Oft 
Flowline Inner diameter 8" 
Flowline Wall thickness 0.5'' 
Flowline Roughness 0.001" 
Flowline Ambient temperature 60 Of 
Flowline Overall heat transfer coefficient 0.2 Btulhr/ ft2/°F 
Node Pressure Temperature 
Well l 2,900 psia 130 °F 
Bouadary Coaditioas Well 2 2,900 psia 130 °F 
Well 3 3,100 psia 140 Of 
Sink I 800 psia (calculated) 
Table 7: Looped gas gathering network data. 
The deliverability of a production network is to be established. The network connects 
three producing gas wells in a looped gathering system and delivers commingled product to a 
single delivery point. In this section, the differential pressure of the compressor is to be 
manipulated, to see how it influences the well flowrate and the inlet pressure of every node that 
the gas passes towards the sink (customer). The compressor's differential pressure used in this 
case study is 300 psia, 400 psia or 500 psia. 
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Figure 10: Looped gas gathering network model 
4.2.1. Compressor's Pressure Differential, 300 psifl (Weill) 
Rio &a lib - .. 
~ I 0.. 1 
Compresso($ Pressure Difrerenthll, 300 p$,. (We/11} 
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Figure 11: Pressure vs Total Distance graph for APcompressor 300 psia (Well 1) 
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-1.2.2. Compressor's Pressure Differential, 300 psia (Well 2) 
~~ TL-~~~ __ L_l ______________________________________________ __, 




















Compressofs Pressure Olffetvntlal, 300 psUI (Well '1) 
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Figure 12: Pressure vs Total Distance graph for JP compr.:ssor 300 psia (Well 2) 
4.2.3. Compressor's Pressure Differential, 300 psia (Wel/3) 
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Figure 13: Pressure VS Total Distance graph for JP comprtsSor 300 psi a (Well 3) 
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4.2.4. Compressor's Pressure Differential, 400 psia (Well 1) 
Flo 
(dt U'lb - · 
... 
~ 1 n... I 
Compressor's Pressure Olfrcrenrlal. 400 psia (WeJ/1) 
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Figure 14: Pressure VS Total Distance graph for .tJP compm.ror 400 psia (Well 1) 
4.2.5. Compressor's Pressure Differential, 400 psia (Well2) 
Flo Edt U'lb - · ... 
Compressor's Pressure Dlf'forential. 400 psia (We/12} 































Oloftllr, ... ...,1 ... :11t 
Figure 15: Pressure vs Total Distance graph for APcompressor 400 psia (Wel/ 2) 
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4.2.6. Compressor's Pressure Differential, 400 psia (Well 3) 
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Figure 16: Pressure vs Total Distance graph for LJP compre .. ,or 400 psia (Well 3) 
4.2. 7. Compressor's Pressure Differential, 500 psill (Weill) 
~ 'L-~~~·--~'L---------------------------------------------------~1 
Compressor's Pressure Differential. 500 psia (WeJI1) 
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Figure 17: Pressure vs Total Distance graph for L1Pcompressor 500 psia (Well/) 
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4.2.8. Comprt!Ssor's Pressure Differential, 500 psia (Wel/2) 
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Figure 18: Pressure vs Total Distance graph for L1Pcompre'Sor 500 psia (Well 2) 
4.2.9. Compressor's Pressure Differential, 500 psia (Well3) 
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Figure 19: Pressure vs Total Distance graph for LJP compres.~or 500 psia (Well 3) 
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-1.2.10. Compressor's Pressure Differential (Summary) 
Compressor' s 
Pressure WeUl WeU2 WeU3 
Differential 
Flowrate (lb/~) Flow rate (lbl~) Flowrate(lbl~)_ 
22.73024 22.1 1267 22.79989 
Inlet Pressure (psia) InJet Pressure (psia) Inlet Pressure (psia) 
300 psia 8 4 1177.952 82 1227.3777 83 1180.617 
85 569.1974 83 1180.617 85 569.1974 8 5 569.1974 
Outlet Pressure at Sink = 800psia 
Flow rate (lb/~) Flow rate (lb/sec) Flowrate (lb/sec) 
22.91325 22.3 173 22.9709 
Inlet Pressure (psia) Iolet Pressure (psi.a) Inlet Pressure (psia) 
400 psia 84 1146.029 82 1205.7075 83 1148.32 
85 471.6254 83 1148.32 85 471.6254 8 5 471.6254 
Outlet Pressure at Sink = 800 psia 
Flowrate (lb/~) Flowrate (lb/~) Flowrate (lb/~} 
23.14402 22.53694 23. 16311 
I a let Pressure (psia) Inlet Pressure (psia) Inlet Pressure (psia) 
500 psia 84 1120.636 82 1182.1574 83 1124.346 
85 374.473 83 1 124.346 85 374.473 85 374.473 
Outlet Pressure at Sink = 800psia 
Table 8: Summary of well flow rate and junction inlet pressure. 
4.2.10.1. Discussion 
4. From the result in the table above, it can be summarized that the increment of 
compressor's pressure differential lead to the decrement of inlet pressure for every 
junction, to reach the specified arrival pressure, which is in this case, 800 psia. 
4. On the other hand, every increment of compressor's pressure differential lead to the 
increment of well flowrate to reach the specified arrival pressure, 800 psia. 
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CHAPTERS 
CONCLUSION AND RECOMMENDATIONS 
In conclusion, considering all the engineering analysis of a gas pipeline, after all, it is all 
about business. Pipeline designers are trying to minimize the cost by manipulating any variables, 
which at the same time to optimize the performance of a gas pipeline. Optimization of gas 
pipeline transmission design in this case is to manipulate the variables such as the pipeline 
diameter, thickness of insulation material, and the compressor's pressure differential. Of course 
there are a lot of variables need to be taken into consideration, but in terms of simplicity, these 
variables are made constant. 
Based on the condensate pipeline in case study I, only the 10", 12" and 14" diameter 
pipeline satisfy the need of targeted terminal pressure, which is 1000 psia. By knowing that the 
larger diameter of a pipeline, the higher the cost is, therefore 1 0" diameter pipeline is the most 
suitable pipeline diameter to be used. On the other hand, the insulation thickness is only 
manipulating the cost of the pipeline, and not interfering the terminal temperature in terms of 
engineering technology. It depends entirely on the locations of the pipeline, because cold 
weather places need more insulation compared to tropical weather. By referring to the result, 
only the 0.8" and 0.9" insulation thickness satisfy the need of targeted terminal temperature, 
which is 800F. By knowing that the thicker insulation of a pipeline, the higher the cost is, 
therefore 0.8" pipeline insulation thickness is the most suitable insulation thickness to be used. 
Based on the looped gas gathering network in case study 2, the higher the compressor's pressure 
differential, the higher the well flowrate and the lower the inlet pressure for every junction, to 
reach the specified terminal pressure, which is 800 psia. 
Pipeline material grade in fact must be taken into consideration, provided that we have 
similar pipe internal diameter, but comes from different grade of material. This is because 
different grade has different mechanical properties and chemical composition, regardless of its 
size. Pipeline designers should select the best material at least cost, because the main point of 
this optimization is to improve performance and reduce the overall project cost. 
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